Background and Purpose-Whether the time of hospital admission is relevant for short-term outcome after stroke is under debate and may depend on care facilities. Methods-We retrospectively analyzed medical records from patients who received thrombolytic therapy within 4.5 hours of stroke onset in a stroke unit of the Charité-University Hospital Berlin (Charité; nϭ291) or within the stroke telemedicine (TEMPiS) network, comprising 12 community hospitals with telestroke units in Bavaria (nϭ616). Results-Thrombolytic therapy was administered during nonworking hours in 59.5% (Charité) and 55.0% (TEMPiS) of patients. A trend toward a lower rate of symptomatic intracranial hemorrhage (3.4% versus 9.2%; Pϭ0.053), clinical worsening (11.9% versus 19.7%; Pϭ0.079), and 7-day mortality (3.4% versus 8.7%; Pϭ0.073) after admission during working hours was seen at Charité. However, multivariable analysis did not show a significant impact of the time of admission on clinical worsening, symptomatic intracranial hemorrhage, or 7-day mortality in both cohorts. Thrombolysis based on brain computed tomography instead of magnetic resonance imaging (odds ratioϭ4.98, 95% CI, 1.09 to 22.7) and more severe National Institutes of Health Stroke Scale score on admission (odds ratioϭ1.15 per point; 95% CI, 1.07 to 1.24) were associated with 7-day mortality at Charité. National Institutes of Health Stroke Scale score on admission (odds ratioϭ1.13 per point; 95% CI, 1.06 to 1.19) and older age (odds ratioϭ1.05 per year; 95% CI, 1.004 to 1.09) were correlated with 7-day mortality in TEMPiS. National Institutes of Health Stroke Scale on admission was the only independent predictor of symptomatic intracranial hemorrhage or clinical worsening in both cohorts. Conclusions-The majority of stroke patients received thrombolysis during nonworking hours. The time of hospital admission did not significantly influence the short-term outcome after thrombolysis. (Stroke. 2011;42:2521-2525.)
T he use of alteplase for thrombolysis within the first 4.5 hours after stroke onset is the only approved pharmaceutical treatment for acute ischemic stroke, significantly improving clinical outcomes. 1 Owing to the risk of lifethreatening complications, the initiation of thrombolysis is restricted to experienced stroke physicians. Controversial results have been reported in previous studies as to whether the time of hospital admission, with different access to stroke expertise, influences the short-term outcome of stroke. A number of studies have shown increased mortality in patients admitted during weekends, 2,3 as similarly described for various diseases, including myocardial infarction or pulmonary embolism. 4, 5 This observation remained significant when death rate was adjusted for age, sex and stroke severity, as well as hospital facilities or the involvement of stroke specialists. 6, 7 Other studies did not show an independent correlation of weekend admission with in-hospital mortality after stroke in the total stroke population or in those stroke patients treated with thrombolysis. 8 -10 These incongruent results may be explained at least in part by the different settings of stroke care, for example, hospitals with attendance of stroke specialists only during working hours or stroke units with 24/7 provision of stroke expertise. With the assumption of a lower level of stroke care during nonworking hours, a comparison between working and nonworking hours might be more suitable than between weekends and working days. With this approach, increased mortality in stroke patients admitted during nonworking hours was shown in a hospital-based stroke registry in the United States but not in Germany. 11, 12 Times with limited access to stroke expertise may be particularly hazardous for patients treated with intravenous thrombolysis, but only 1 article has recently addressed this issue. Surprisingly, the data from a French university hospital stroke unit discovered increased 7-day mortality (odds ratio [OR]ϭ3.6; 95% CI, 1.2 to 10.4) in patients receiving thrombolysis during working hours, without providing a sufficient explanation. 13 To assess the impact of thrombolysis during working versus nonworking hours on 7-day mortality, the occurrence of symptomatic intracranial bleeding (sICH), and clinical worsening, we used data from stroke patients treated either at the University Hospital Charité Berlin (Charité) or within a German telestroke project, the Telemedical Project of Integrated Stroke Care (TEMPiS).
Methods

Study Design and Study Population
The Charité cohort consisted of patients treated in the neurology stroke unit at the Campus Benjamin Franklin, Charité-University Medicine Berlin. The data were retrieved from a prospectively operating stroke register that was approved by the local ethics committee (EA4/019/08). Between January 2008 and June 2010, 313 patients received intravenous thrombolysis according to National Institute of Neurological Disorders and Stroke or ECASS III criteria (48 [16. 5%] of all patients received thrombolysis after 3 but within 4.5 hours after stroke onset). 1, 14 Twenty-two stroke patients were excluded from this analysis because of incomplete data. We compared the results with data from the TEMPiS cohort, as previously described in detail. 15, 16 In short, TEMPiS is a telemedical stroke network comprising 2 academic Departments of Neurology and 12 community hospitals in southeast Bavaria, Germany. The local stroke care was provided by internal medicine departments in 10 hospitals and by neurology departments in 2 hospitals before the start of the project. The hospitals without neurology departments had a neurology consultation service during working hours but did not have a neurologist available during nighttimes and weekends. One neurology department did not provide a 24-hour neurology service. TEMPiS established an educated stroke team and specialized stroke wards in each hospital with 24-hour availability of diagnostic procedures (including computed tomography [CT] scanning, laboratory examinations, and Doppler sonography), thrombolytic therapy, and telemedical consultation by a neurologist experienced in acute stroke management. 17 14 Ten registered patients had to be excluded because of incomplete data. The information assessed from medical records is depicted in Tables 1 and 2 .
Outcomes
Death during the hospital stay or within 7 days after admission was chosen as the outcome parameter because the length of hospital stay varied between both cohorts to a certain extend. According National Institute of Neurological Disorders and Stroke criteria, clinical worsening was defined as any neurologic deterioration after thrombolysis. 14 Moreover, any intracranial hemorrhage was regarded as symptomatic if there was clinical worsening before detection of the hemorrhage.
Statistical Analysis
In both cohorts, "working hour" presentation was defined as presentation to the Emergency Department on a regular weekday, and duration from admission to alteplase initiation mainly affected the time span from 8 AM to 5 pm. The results are reported as percentages or meanϮSD. The 2 test was used to test for differences in proportions of dichotomous characteristics. The Mann-Whitney U test was applied to detect differences in the distributions of metrical variables between independent groups. To detect factors influencing the probability of 7-day mortality, sICH, or clinical worsening during the hospital stay, we used multivariable logistic regression (including age, sex, stroke severity as measured on the National Institute of Health Stroke Scale [NIHSS]), time of hospital admission as forced-in variables, and variables with PϽ0.1 according to univariate analysis). sICH was excluded for multivariable logistic regression because sICH is not a baseline parameter. To avoid an omittedvariable error, we used the stepwise backward-selection method. The Hosmer-Lemeshow test was Ն0.7 for all steps of the backward selection procedure. For adjusted ORs, a 95% CI not including 1.0 indicated significant effects. Data were analyzed with PASW Statistics 18.
Results
Disparities During Working and Nonworking Hours
During patient enrolment at Charité, 15.4% of all stroke patients admitted during working hours and 14.4% of all stroke patients admitted during nonworking hours received thrombolysis (Pϭ0.443). Of all stroke patients considered eligible for thrombolysis (debilitating neurologic deficit and a limited prehospital delay), 69.4% received thrombolysis during working-hours and 68.6%, during nonworking hours (Pϭ0.839).
The majority of patients reported on herein (Charité 59.5%, TEMPiS 55.0%) received thrombolysis during nonworking hours. With the exception of coronary artery disease (within the Charité cohort), the distribution of age, sex, and cardiovascular risk factors did not differ with regard to admission during working or nonworking hours for both cohorts (Tables   1 and 2 ). The majority (79.7%) of decisions for thrombolysis during working hours at Charité was based on magnetic resonance imaging (MRI) findings, whereas thrombolysis within TEMPiS was based almost exclusively on CT. However, the delay from stroke onset to hospital admission, the delay from stroke onset to start of thrombolysis, and blood glucose levels were similar during working and nonworking hours within both cohorts and between the 2 cohorts (Tables  1 and 2 ). The mean age of TEMPiS patients was significantly lower compared with Charité patients (70.1Ϯ11.9 versus 73.8Ϯ12.9 years; PϽ0.001). Moreover, TEMPiS patients were more often female (51.4% versus 42.5%; Pϭ0.013).
Seven-Day Mortality and Predictors of Death
Within 7 days after thrombolysis, 19 (6.5%) Charité patients and 39 (6.3%) TEMPiS patients had died. Univariate analysis indicated an insignificant trend (Pϭ0.073) toward lower 7-day mortality at Charité during working hours (Table 1) but not within TEMPiS (Table 2 ). Multivariable analysis identified CT-versus MRI-based thrombolysis (ORϭ4.98; 95% CI, 1.09 to 22.7) and more severe NIHSS score on admission (ORϭ1.15 per point; 95% CI, 1.07 to 1.24) as significantly associated with 7-day mortality, whereas time of hospital admission (ORϭ0.89; 95% CI, 0.22 to 3.53 for working versus nonworking hours) was not (Table 3) . Moreover, multivariable analysis of the TEMPiS data revealed no significant impact of admission time (ORϭ1.60; 95% CI, 0.73 to 3.47 for working versus nonworking hours) on 7-day mortality, whereas NIHSS score on admission (ORϭ1.13 per point; 95% CI 1.06 to 1.19) as well as older age (ORϭ1.05 per year; 95% CI, 1.004 to 1.09) predicted 7-day mortality. Coronary artery disease had no effect on 7-day mortality. In 
sICH or Clinical Worsening After Thrombolysis
Clinical worsening after thrombolysis was detected in 48 (16.5%) Charité patients and 92 (14.9%) TEMPiS patients. In multivariable analysis, higher NIHSS score on admission was the only independent factor for clinical worsening and sICH for both cohorts, whereas admission during working hours, age, sex, coronary artery disease, or MRI-based thrombolysis was not (Table 3) .
Discussion
Analyzing patient records from stroke patients receiving thrombolysis mainly during nonworking hours at the University Hospital Charité or within the TEMPiS project, we observed sICH rates within the range of the Safe Implementation of Thrombolysis in Stroke-MOnitoring STudy registry. 18 In accordance with previous findings, 19 our multivariable analyses indicated that stroke severity on admission independently influenced 7-day mortality, sICH, and clinical worsening after thrombolysis within the Charité as well as the TEMPiS cohort (Table 3) . Older age was independently associated with higher 7-day mortality within TEMPiS only, which was probably due to the significant difference in age distribution compared with the Charité cohort. However, time of hospital admission for thrombolysis was not an independent predictor of sICH, clinical worsening, or 7-day mortality in both cohorts analyzed. Thrombolysis in the TEMPiS cohort was based on CT imaging, resulting in similar rates of sICH, clinical worsening, or 7-day mortality after thrombolysis during working hours and nonworking hours ( Table 2 ). The significantly higher rate of MRI-based thrombolysis during working hours at Charité might have caused a more appropriate patient selection, resulting in lower 7-day mortality (Table 3) . A recent MRI study further indicated that the use of MRI-based thrombolysis may be safer compared with CT-based thrombolysis, but further studies are needed to support these results. 20 So far, only Bodenant et al 13 focused on stroke patients receiving thrombolysis during working or nonworking hours like we did. Compared with the Charité cohort, the cohort reported by Bodenant et al received thrombolysis almost exclusively according to CT data, 13 as done similarly within the TEMPiS project. Nevertheless, even within the TEMPiS cohort, we did not observe a significant impact of hospital admission time (Table 3) , as described by Bodenant et al in a much smaller cohort. As demonstrated for the Charité data, there was no selection bias due to admission time, as the proportions of patients receiving thrombolysis did not differ between working and nonworking hours.
One strength of our study is the appropriate differentiation of working and nonworking hours. Moreover, the comparable delays from stroke onset to the start of thrombolysis within working and nonworking hours on the one hand and within both cohorts of patients on the other hand strengthen our results. However, there are some limitations of our study, mitigating the validity of the results. First, stroke patients treated at Charité were significantly older and more often female compared with TEMPiS patients. Second, according to the study design, we cannot rule out the possibility that in-hospital deaths were independent of thrombolysis. Third, we were unable to clarify the impact of chronobiologic factors on mortality after stroke, as reported for patients after myocardial infarction. 21 Fourth, because the level of medical care available may be relevant for outcome after thrombolysis, these results can only be applied to patients treated in stroke units. Fifth, the number of stroke patients with sICH was rather low. Therefore, we cannot exclude the possibility that the study was underpowered to detect modest effects on sICH, thus limiting the significance of the results. Sixth, 22 (7.6%) Charité patients receiving thrombolysis were excluded from this analysis because of incomplete data. However, a sensitivity analysis including the Charité patients indicated the validity of our results. Seventh, we do not exactly know the thrombolysis rates during working or nonworking hours in hospitals within the TEMPiS network. Therefore, we were unable to exclude a selection bias regarding the proportion of patients receiving thrombolysis during working or nonworking hours in this part of our data. Our data suggest that adequate care (for example, qualified staff and appropriate logistics) for stroke patients receiving thrombolysis can be supplied independently from the time of hospital admission. Prospective multicenter studies are needed to identify relevant factors of inappropriate 24/7 stroke care.
Conclusions
Hospital admission during working or nonworking hours had no impact on short-term mortality, sICH, or clinical worsening after thrombolysis. However, nonmodifiable factors such as age and stroke severity predict short-term mortality after thrombolysis.
